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Histology of the Embryonic Chick Mandible Following X-Irradiation 1
BARBARA ANN BAILEY W ALTON2
Department of Zoology, University of Oklahoma, Norman, Oklahoma
The sensitive period for the induction by x-irradiation of reduced mandibles in chick embryos was determined to be during the 5th day of
incubation. Variations in mandibular anomalies can be correlated with the incidence and frequency of cell deaths. As exhibited by control
mandibles, cell deaths around the distal ends of Meckel' s cartilages through the 7th day may aid distal cartilage elongation. The variety of
anomalies resulting from teratogenic doses is due, in part, to differences in sensitivity between embryos and their ability to recover from
radiation damage. Bone development (initial ossification) in experimental embryos was retarded from 12 to 24 hours. The mandibular bones
of the experimental embryos confonned to the abnonnally curved and/or bent cartilage; membrane bones were shortened and blunted in their
long dimensions.
INDEX DESCRIPTORS: cell death, x-irradiation, histological study, embryonic chicken mandible.

Cell death in certain locations is a normal event in embryonic
development (Bellairs, 1961; Jacobson and Fell, 1941; Glucksman,
1951; Saunders and Gasseling, 1962; Whitten, 1968). Two developmental studies combined the study of cell death patterns with histochemistry and showed that cell death, in some cases, may be responsible for anomaly production (Hinchliffe and Ede, 1967; Milaire,
1962). Hinchliffe and Ede (1967) postulated that the absence of cell
death was responsible for abnormal sculpturing of the limbs of the
polydactylous talpid mutant of the fowl. 3 Milaire ( 1962) concluded that
massive cell death resulted in the fusion of the 2nd and 3rd digits in a
congenital malformation occurring in the mouse.
Genetic mutants of the chicken have been described in which the
mandible was retarded in its development (Lamoreux, 1942; Marble et
al., 1944; McGibbon, 1946). Reduction in mandibles following treatment with chemical teratogens (Landauer, 1952, 1953; Dagg and
Kamofsky, 1955; Agarwal, 1956) or with x-irradiation (Steamer et al.,
1960; Moreng and Hollister, 1963; Goff, unpublished data) have likewise been reported in the literature. A review of the effects of teratogens on the chick mandible reveals that some teratogens induce similar
anomalous development. While the effects of the various treatments do
not indicate identical responses, they demonstrate that the mandible is
most sensitive during the 4th and 5th days of incubation, and that in
some cases the cartilage is abnormally curved. The mandible thus
seems an appropriate subject for the study of morphogenetic
mechanisms with an emphasis on the role of cell death.
X-irradiation was selected as the teratogen for this study because its
period and strength of application can be carefully regulated. Destruction of undifferentiated cells has been established as an early response
to irradiation, followed by removal of dead cells and the proliferation of
the remaining cells (Hicks, 1954; Skalko, 1965). It is reasonable to
propose that cell death in x-irradiate<I chicken embryos might partially
account for the production of anomalous mandibular forms caused by
x-irradiation.
A developmental analysis of the sensitive period of the chick mandible following x-irradiation was therefore carried out. Normally occurring necrotic patterns, as well as those abnormal patterns induced by
x-irradiation, were recorded. Alterations in developing connective
tissue (fibrous, cartilage and bone) and musculature were examined and
were found to be related to the various forms of the anomaly.

'Part of a dissertation submitted to the University of Oklahoma in partial
fulfillment of the requirements for the degree of Doctor of Philosophy.
'Present address: Department of Biology, University of Tennessee at Chattanooga, TN 37402.
3 0ne of 3 autosomal recessive genes resulting in polydactylism and death at
about 6 days in homozygous fowl.

Published by UNI ScholarWorks, 1979

MATERIALS AND METHODS
White Leghorn chicken embryos were incubated in a forced-draft
humdified incubator. Allx-irradiation was conducted with a Westinghouse Medium Therapy Unit with a Macklett CT-250 tube having an
inherent filtration of 2 mm Cu and 1 mm Al. The maximum rating was
250 KV and 15 MA, with exposure rates ranging from 78r to 86r per
minute. Dosage was determined prior to each experiment with a Victoreen ionization chamber. During x-itradiation, eggs were positioned in
rotating circular boxes so that their upper surfaces were equi-distant
from the x-ray source. The eggs were held in position by a lucite cover
that rested lightly on their exposed surfaces. Doses were 800r, 750r,
625r and 550r. The eggs containing control embryos were rotated, but
not irradiated.
Gross Study. One hundred and eight control embryos were staged
according to Hamburger and Hamilton (1951). The 212 experimental
embryos exhibited a more varied response, and could be approximately
staged. Embryos were stained for cartilage in Van Wijht' s solution
(Gray, 1964), dehydrated with ethylene glycol monoethyl ether (cellosolve) and finally cleared in dimethoxyethyl phthalate (Nelsen,
1945). Cartilage measurements were made with the aid of a calibrated,
ocular micrometer at a magnification of 10 or 20x.
Histology. Preliminary studies indicated that a dose of 625r was great
enough to produce all forms of the mandibular anomaly and yet allow
89% of the embryos to survive. Therefore, the histological study was
carried out mainly with embryos x-irradiated at 625r. A small number
of embryos were x-irradiated with 750r. One hundred and fifty-eight
control and 169 experimental embryos were sacrificed following the
treatment period of 0, 2, 4, 8, 12, 48, 72, and 96-hour intervals.
Mandibles were dissected free, fixed in Bouin's solution and then
embedded in paraffin (Peel-A-Way, Lipshaw Manufacturing Co.).
Specimens were serially sectioned at lOu and stained in Harris'
Hematoxylin and an aqueous Eosin solution.

RESULTS
For purposes of brevity, discussion of the x-irradiation effects on the
chicken will be divided into: (a) gross effects and (b) cell deaths.
Descriptions of gross effects will be given for all doses utilized, while
descriptions of cell deaths will deal with embryos receiving doses of
625r and 750r. The data reveal that the mandible is most sensitive to
x-irradiation at 5 days of incubation and that cell death is the major
factor contributing to the variations in observed anomalies.

Gross Morphology of Chicken Embryo-Control
Control embryos (Stage 35) had maxilla/mandibular length ratios
ranging from 0.45 + 0.1 to 0.48 + 0.05 (Figs. 1, 2). Hemorrhages or
clear blisters were not found in association with the jaw. All beak
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contours were smooth and there was no evidence of cartilage bending
(Fig. Sa).
Examination of control embryos showed that a marked curvature
existed within the distal one-third of Meckel' s cartilage. This curvature
became quite prominent in 8, 9, and IO-day control embroys.
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0

Gross Morphology of Chicken Embryo-Experimental
Mandibular reduction was observed at 4 through 6 days of incubation, but was greatest at S days of incubation (Stage 27) for all roentgen
doses utilized (Table I; Figs. 3, 4). Maxilla reduction (Table l, Figs. 4,
S) was less than mandibular reduction at all doses, but showed a gradual
increase with the older incubation age tested (Fig. 4). Large alterations
in the maxilla/mandibular length ratios occurred at S days of incubation, indicating that a greater mandibular anomaly occurred at this age
(Figs. l, 2).
The greatest range in varying forms of the mandibular anomaly
occurred at S days of incubation (Table I; Figs. 3, 4, S a-g). Since
mandibular anomaly was greatest at S days of incubation for all doses
utilized, this age of incubation was studied in greater detail and the
results reported below. Histological and cell death analysis were carried out at this age.
Some degree of abnormal mandibular curvature occurred in more
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Fig. 3. Mandible reduction plotted as a function of incubation age at
doses from 625r to 800r.
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Fig. 4. Maxilla reduction plotted as a function of incubation age at
doses from 625r to 800r.

Figs. l, 2. Comparison of maxilla to mandible length ratios at time of
sacrifice at different dose levels.

than SO% (except at SSOr) of the surviving treated S-day embryos
(Table 2). This curvature ranged from slight to pronounced bending and
was accompanied by moderate to severe reduction in mandibular
lengths. Mandibles shortened so that one-third to two-thirds of the
maxilla was exposed were considered to be moderately reduced (Fig. S
b-d, f, g). When two-thirds or more of the maxilla was exposed, the
mandible was considered severely reduced (Fig. Se). Large bends
(major) occurred in Meckel's cartilage near the distal tip (Fig. Sf). A
lesser bend (minor) frequently occurred within the major bend (Fig.
Sg). Major cartilage bends occurred in more than SO% of the 4-day
embryos irradiated at 800r and 7S0r; however, minor bends did not
occur. Bends did not occur in 4-day embryos irradiated at doses of 62Sr
and below. Major bends did not occur in 6-day and older irradiated

Fig. S. Embryos illustrating the gross results of x-irradiation at Stage 27. a) Control embryo (Stage 42, 16 days) with cornified beak and well
developed labial grooves. 3 .5x b) Treated embryo (estimated Stage 41) sacrificed 9 days after x-irradiation. The mandible is moderately reduced
with no curvature. 3 .8x c) Treated embryo (estimated Stage 41) sacrificed JO days after x-irradiation. The mandible is severely reduced with a
pronounced curvature. 3. 7x d) Treated embryo (estimated Stage 41) sacrificed 11 days after x-irradiation. The mandible is moderately reduced
and exhibits a slight bend. 3 .8x e) Treated embryo (estimated Stage 41) sacrificed 11 days after x-irradiation. The mandible is reduced to a mere
stub. 3.6xf) Treated embryonic head (estimated Stage 35) sacrificed 5 days after x-irradiation. The cartilage exhibits a typical major bend
(arrow). Cartilage has been stained in Van Wijht' s solution. g) Treated embryonic head (estimated Stage 35) sacrificed 5 days after x-irradiation.
A major and a minor bend occurs within the distal end of the cartilage (arrow). Cartilage has been stained in Van Wijht' s solution. 4.5x
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embryos. The majority of the major bends in treated embryos occurred
within the distal curvature referred to above in control embryos. This
curvature may be a stress point as it forms.
Table 2 shows that treated embryos with no mandibular curvature
were found among those embryos with moderate or severe mandibular
reduction (columns 4 and 5, respectively).
The most severe form of the anomaly consisted of the presence of
only a stub mandible (Fig. Se). In this anomaly, Meckel's cartilage
consisted of short rods that did not meet in the midline. Histological

Table I. Mandible, maxilla reduction percentages.

Stage

Dose x-rayed

No.
Controls

800
700
625

24(4)
24(4)
24(4)

800
750
700
625
550

27(5)
27(5)
27(5)
27(5)
27(8)

10(100)
9(75)
10(83)
20(91)
6(100)

750
700
625

28(5)
29(7)
29(7)

12(100)
12(100)
10(83)

..

(
(

a

8(90)
6(100)
9(100)

b

No.
x-rayed
24(73)
9(82)
21(88)

% Mandible % Maxilla

Reduction Reduction
48
45
23

25
9
12

10(23)
67(89)
9(89)

61
63
66
39
24

35
27
21
9
15

10(24)
14(35)
21(58)

49
56
17

35
33
33

b

12(33)
17(44)

) = Day of incubation .
) = % of embryos alive at time of sacrifice .

analysis was carried out mainly on embryos receiving 625r, since 89%
(Table I) of 5 day embryos survived this dose, and all variations in the
mandibular anomaly occurred at this dosage (Table 2). Representative
embryos receiving 750r were examined histologically, and revealed
hemorrhages in the mid-line of some embryos. Hemorrhages were
rarely found in the mandibles of embryos receiving 625r.
Cell Death - Control
Necrotic cells, singly or in clumps, were found within macrophages
in the mid-line of 3 day mandibles. Isolated necrotic cells were found in
lateral regions. By the 4th day (Stages 22-24), nearly all necrotic cells
were in the mid-mesenchyme of the mandible. At this time necrotic
cells were present in the ectoderm-endodermal junctions of the mandibular arches. Near the end of the 4th day, necrotic cells were found
along the mandibular nerve rami. In 5-day embryos, small clumps of
necrotic cells were found on both sides of the most proximal extent of
the pre-cartilage and along the entire length of the mandibular nerve.
Some necrosis was still found in the mid-line, particularly at the distal
tip of Meckel's cartilage. Small, clear blisters were observed in the
mid-line of the symphysis of the arches in several embryos (Fig. 7e).
After 5 days, necrotic cells were found lateral to the mandibular nerve
rami and both lateral and proximal to the ends of Meckel's cartilages
(6.5 - 7 days). Scattered dead cells were observed near the distal tips
of the cartilages and in the presumptive hyoid and trigeminal muscles.
Necrotic cells were also observed around the spinal nerves and nerves
of the presumptive tongue (hyoid) musculature.
Cell Death - Experimental
Necrosis directly attributable to x-irradiation was not evident for I to
2 hours after irradiation. There was a complete absence of mitotic
figures during this period. Macrophages appeared 4 hours after irradiation and became abundant from 12 to 24 hours after irradiation. From
24 to 48 hours post-irradiation, the macrophages were generally filled

Table 2. Meckel's cartilage lengths (mm).
Treated Embryos

Major Bends

No. Bends

Present
Moderate
Reduction

Present

a (
b (

c (

Control

Dose

Stage
x-rayed

800
750
700
625
550

26+
27
27
27
27

11.5(6) a
14.8(9)
18.7(6)
17.2(16)
11.8(6)

) =
) =
) =

x(mm)

Moderate
Reduction

13.8(20) a (40)
8.8(9)(100)

Severe
Reduction

b

5.17(2) a (20)
5.66(9)(53)
6.38(2)(34)
6.60(4)(7)

b

6.5(8) a (80) b (l) c
10.1(8)(47)(7)
10.8(4)(66)(4)
11.3(27)(53)(15)

Number of embryos.
% of embryos treated at that dosage exhibiting anomaly.
Number of embryos with minor bends.

Fig. 6. Histological - histochemical observation. C = Meckel' s cartilage; D = distal mesenchyme; H = hyoid "muscle"; LM = lateral
mesenchyme; N = nerve (arrow-7a); T = trigeminal "musculature". a) Experimental embryo (Stage 28+) sacrificed 24 h after x-irradiation
(Hematoxylin-Eosin). Numerous macrophages are located in the lateral mesenchyme. Some necrosis is evident in the muscle primordia medial to
the cartilage and in the midline. Muscle primordia have more necrotic figures than the surrounding less dense mesenchyme. 49x b) Same as a.
Detail ofthe right cartilage illustrating the abundant necrotic figures in the lateral mesenchyme. 185x c) Same as a. Detail of the mid-region ofthe
mandibular arch. Necrotic cells are particularly present in the muscle primordia. 85x d) Control embryo (Stage 31) sacrificed 2 days after
experimental embryos were x-irradiated. The distal extent of the cartilage growth is shown. The trigeminal ''musculature'' extends almost to the
distal tip of the cartilage. 49x e) Experimental embryo (estimated Stage 30) sacrificed 2 days after x-irradiation. Meckel's cartilage has not
extended distally as in controls (d). Mandible has not elongated properly in the proximal-distal dimension. 49xf) Experimental embryo (estimated
Stage 31) sacrificed 2 days after x-irradiation. Mandible is severely reduced. Little evidence of "muscle" exists and cartilage consists of short
stubs. Necrosis is very intense throughout the distal mesenchyme. 49x
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with disintegrating cells. Nearly all dead cells were removed by 48
hours. Although mitotic figures began appearing throughout the entire
mandible by 4 hours after x-irradiation, mitotic activity was not conspicuously different than in control embryos until 12 to 24 hours
post-irradiation.
Necrotic cells were uniformly scattered throughout the mandibles of
those embryos in which irradiation damage was not severe. By 2 days
after irradiation the overall size of these mandibles was reduced, and
the contour was blunted (Fig. 6e). Meckel's cartilage had not extended
as distally as in control mandibles (Fig. 6d). A number of mandibles
had large blisters at the symphysis of the arch. In those embryos
exhibiting cartilage bends, the lateral mesenchyme was the most severely affected region of the mandible (Fig. 6b). Densely condensed
cells appeared in this area. The distal mesenchyme exhibited a lesser
degree and a more even distribution of necrosis than the lateral mesenchyme. Presumptive musculature (Fig. 6c) and pretendon mesenchyme
were always more severely affected by necrosis than the loose mesenchyme present within the mid-mandible. Necrosis in Meckel' s cartilage
was slight and uniformly distributed, being from 2 to 4 times greater in
the lateral mesenchyme than in the cartilage. The cells of the perichondral cap were more necrotic than the surrounding loose mesenchyme.
By 4 days after irradiation, mandibular contours were blunted in their
long dimensions in these embryos. Cartilages were bent (Fig. 7a-d) and
appeared merely to fill the blunted contours. The proximal presumptive
muscle bundles, while smaller, appeared to be developing normally.
Transversely developing, trigeminal muscle was more compact than in
controls of the same incubation age. Presumptive, longitudinal, trigeminal musculature generally terminated at the initiation, or apex, of a
bend (Fig. 7a-d); as if the fibers had stopped growing distally quite
abruptly.
Angular and supra-angular bones, although appearing from 12 to 24
hours later than in control mandibles, were fairly well developed
proximally, while the opercular and dentary bones, if present, were
dense blastemas (Fig. 7b).
These membrane bones were molded around the contours of the
abnormally bent cartilages. In several embryos the dentary (and
mentomandibular-gonial) bones had fused around the distal cartilage
tips. All membrane bones were short and thick as compared with
controls, and initial ossification began 12 to 24 hours later than in
controls. The tongue appeared truncated, blunted at its tip and in its
long dimension. In addition, hyoid musculature was considerably reduced.
Massive necrosis was present in the distal and mid-mesenchyme of
those embryos with stub mandibles. All muscle primordia and the
lateral mesenchyme contained abundant necrotic cells. Severe mandibular reduction was evident in these embryos by 2 days after irradiation (Fig. 6f). Meckel's cartilages consisted of 2 short stubs, and most
of the distal mesenchyme and trigeminal presumptive musculature was
missing. Normal and x-irradiation-induced cell death patterns were
identified and were consistent with histological observations.

DISCUSSION
The embryonic chick mandible is most sensitive to the effects of
x-irradiation at 5 days of incubation (Stage 27), with the maxilla most
sensitive shortly thereafter. Since the maxilla develops later than the
mandible during the embryonic period, this is as expected.
Since a number of control embryos exhibited small clear blisters
beneath their mandibles, it is apparent that the posterior ectodermmesenchymal connection of the 5 and 6-day embryonic mandible is
loose, allowing for the accumulation of fluid in embryos exposed to a
teratogenic agent. Mandibular blisters, therefore, do not appear to be
correlated with anomalous mandibular development. Grabowski
(1964), in a study of the etiology of hypoxia-induced malformation in
the chicken embryo, observed occasional hematomas beneath the mandible without any appreciable effect on mandibular development.
Goff (1959) observed hemorrhages in the mandibles of x-irradiated
chick embryos and suggested that hemorrhages could be involved in
anomalous mandibular development. In my study all forms of anomalous mandibles occurred in embryos receiving 625r, yet hemorrhages
were rare. Therefore, hemorrhage does not appear to be a causal factor
in anomalous mandibular production.
It appears that radiation sensitivity is correlated with the amount of
cell death in developing mandibular tissues, since preconnective tissue
cells (other than cartilage and bone) in the lateral mesenchyme were
most severely affected. Jacobson and Fell (1941) showed that migrating bone primordia were within the proximal portion of the mesenchyme prior to and at 5 days of incubation. These bone primordia cells
were apparently quite resistant to x-irradiation, since membrane bones
were not specifically affected and migrated into place around Meckel's
cartilage.
A uniformly scattered mild necrosis resulted in the development of
smaller, but normally formed mandibles. When connective tissue
primordia (other than cartilage and bone) were heavily necrotic, cartilage bends resulted, thus indicating that Meckel' s cartilage elongated in
spite of the reduction of more sensitive mandibular tissues. According
to Jacobson and Fell (1941) the perichondral cap is the main growing
point of Meckel's cartilage.
It appears then that, even though the perichondral cap was not
severely affected and distal growth continued, cell death in the
perichondral cap resulted in the growth of a less sturdy portion of
Meckel's cartilage. The distal curvature as observed in the controls may
provide a weak point for bending. The growth of a weakened distal
cartilage within the confines of a mandible of reduced space might then
explain the mechanical bending of the distal end. Perhaps even greater
destruction of presumptive connective tissue would result in the production of more acute bends and in some cases additional distal folds.
Termination of presumptive trigeminal musculature at the initiation
or apex of the major bend, suggests that this muscle was hindered in its
proper elongation. This hindrance may have been due to a reduction in
mandibular space, or to a requirement of normal cartilage elongation

Fig. 7. Histological cross sections of treated embryos (H ematoxylin-Eosin) showing cartilage bends. C = Meckel' s cartilage; D = dentary
bone; M = mentomandibular-gonial bone; PT= pretendon; T = trigeminal muscle. a) Embryo (estimated Stage 32) sacrificed 3 days after
x-irradiation. A bend is present in the left cartilage. Note 2 pieces. The transverse fibers of the trigeminal musculature are present proximally.
The trigeminal musculature that parallels the cartilage in a control ends in this embryo at the initiation of the bend. The muscle primordia
appear clumped rather than properly elongated as in controls. 49x b) Embryo (estimated Stage 35) sacrificed 4 days after x-irradiation. A bend
exists in the left cartilage. A band of trigeminal muscle ends at the point of the bend. The developing dentary and mentomandibular-gonial
bones appear united in the mid-line. 49x c) Embryo (estimated Stage 3 I) sacrificed 3 days after x-irradiation. This section taken anterior to the
apex of a cartilage bend shows the trigeminal muscle extending to the initiation of the bend. 49x d) Same as c. This posterior section shows the
apex of the left cartilage bend with the trigeminal muscle extending to the point of the bend. 49x e) Control embryo (Stage 27 +(sacrificed 30
min after experimental embryos were x-irradiated. A very small blister is present at the symphysis of the arch (arrow). 49x

https://scholarworks.uni.edu/pias/vol86/iss4/3

6

Bailey Walton: Histology of the Embryonic Chick Mandible Following X-Irradiation
HISTOLOGY 0 F CHICK MAN DIBLE

Published by UNI ScholarWorks, 1979

127

7

Proceedings of the Iowa Academy of Science, Vol. 86 [1979], No. 4, Art. 3
128

PROC. IOWA ACAD. SCI. 86 (1979)

for normal muscle growth or to both. Since muscle primordia were
more sensitive to x-irradiation than the cartilage primordia, reduction in
presumptive muscle cells (through necrosis) may have been partly
responsible for the termination of distal muscle growth.
Retardation of bone development (initial ossification) was consistent
with overall embryonic retardation. Short and blunted membrane bones
may be a consequence of the anomalous development of Meckel' s
cartilage. Jacobson and Fell (1941) suggested that normal cartilage
elongation may be necessary for the proper stretching and growth of
membrane bones. Their idea is supported by my observations. It would
appear that when dense mesenchymal blastemas were severely affected
along with connective tissue primordia, stub mandibles resulted. Under
such conditions perichondral cap, trigeminal muscle, dentary and
mentomandibular-gonial bone primordia were heavily damaged. With
the main growing point of Meckel's cartilage destroyed along with the
bulk of the distal tissue condensations, severely shortened mandibles
resulted.
Necrosis patterns observed in this study are in agreement with those
of Jacobson and Fell (1941). In addition, necrotic cells observed in the
mesenchyme medial to Meckel's cartilage up to Stage 30 (7 days) may
indicate created spaces, allowing for continual cartilage elongation.
Necrosis observed along the mandibular nerve fibers may suggest a
similar spacing factor, or perhaps the death of unstimulated presumptive Schwann cells.
This gross and histological analysis will serve as a basis for histochemical work that may elucidate chemical changes that occur as a
result of x-irradiation.
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